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1. ?? 
????????????????????????Epo????????????
??????????????????????????????????????
????? Epo???????????????????????????????
??????? Epo ?????????????????????????????
??????????????????????????????????????
REP?renal Epo-producing?????? Epo???????????????????
????????????????????????? Epo???????????
??????????????????????????????????????
?????????? Epo????Epo????????????????????
??????????Epo??????????????????????????
Epo??????????????????????? Epo???????????
??????????????????????? Epo ?????????? Epo
??????????????? Epo?????????????????????
????????????? Epo???????????? Epo?????????
???????????????????? ISAM??????????, inherited super 
anemic mouse/mice??????????????????Epo??????????
????? GFP ? Cre ????????????????? Epo ????????
 2 
??????????????????????????????????????
?????????????????? Epo ?????????????????
??????ISAM??????????????????????? Epo????
????????????????????????UUO?????????????
????? REP ??????????????????????????????
????????????ISAM ???????????????Epo ??????
?????????????????????????????????????
??? 
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2. ???? 
? ? ????????????????????????Epo??????????
????????????????????? 1?Epo ?????????????
??? Epo ????EpoR????????JAK2-STAT5 ????????????
????????????????????????????????????? 2?
??????????????????????????? Epo?????????
????????? 3-5???????????????????? Epo??????
????????????????????? 5????????????????
??????????????????????? REP?renal Epo-producing???
??? Epo??????? 6?????????????????????????
??????????????? Epo?????????????????????
?????????????????? 7, 8? 
? ? ????????????????? Epo?????Epo??????????
??????????? 7, 8??????? Epo ????????????????
???HIF?????????????????HRE??????????????
???? 9-11? ??????????????BAC???????????????
????????? Epo ???? 3’???????EpoE-3’???????????
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??????????????????????????? 5???????? Epo
????? EpoE-3’?????????????????????????????
? 12, 13????????? BAC?????????????????????? 30
?????????? GATA?????????????????????????
???????? 14? 
? ? ?????? Epo????????????????????????????
????? 14-17?????????????? REP ??????????????
REP????????????????????????????????????
???????? REP ??? GFP??????????????????????
?????????????REP???????????????????????
????????????? REP ??????????????????????
???? 6, 14, 17???????????????????????GFP????? REP
???????????????????? 6?????????????? REP?
????? Epo???????????????????????????????
?????????????Epo???????????????????????
????????????????? REP ??????????????????
? 14, 18, 19??????Epo???????? REP????????????????
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??????????????????????????????????????
??? 18, 19? 
? ? ??????chronic kidney disease, CKD?????????????????Epo
?????????Epo???????????????????? 20?????Epo
???????????????REP?????????????? Epo?????
??????????????????????????????????????
??????????????????????????????? 21??????
??????????????????REP???Epo???????????!SMA
???????????????????????????Souma et al. in submission?
22?????????????????????? REP?????????????
??????????????????????????????????????
Epo??????? REP???????????????????????????
????????? 
? ? ???????????????????????? EPO??? 20?????
???????????????????????????erythropoiesis-stimulating 
agents, ESAs????????? 23, 24?????Epo???????????????
???????????????EPO?ESAs??????????????????
 6 
???????????????????????????????????Epo?
?? EpoR?Epo ???????????????? 12.5 ????????????
????????????????? Epo-EpoR????????????????
25, 26????Epo???? Hif-2!???????????????????????
??????????????????????????? 20?30%???????
??????? 27, 28? 
? ? ??????????????EpoE-3’??????????????????
14 ??????? Epo ???????????????????????????
?????? 5????????????????????????? Epo????
???????????????????????? Epo????????????
????? 2????????????????????????????????
????????????????????????????????? Epo???
??????????????????? 
? ? ?????????? GATA ??????????????EpoE-3’?????
Epo?????????????????????????????????????
Epo????????????????????????????? Epo?????
Epo????????????????????????????????????
 7 
60%?????????????? Epo????????????????????
???????????????? ISAM??????????, inherited super anemic 
mouse/mice????????? ISAM??????????????? Epo????
?????????????????????????ISAM??????????
???????????????????????????????????? Epo
?????? REP???????????????????????????? Epo
??????????????????????????????UUO??????
????????????????REP????????????????????
?????????????? 
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3. ???? 
? ? ??????Epo??????????????? Epo???????????
??????????????????? Epo?????????????????
????????????? Epo ???????????????1) ??????
?? Epo ???????????????2) ?????? Epo ?????????
?????? 3) ???????? REP?????????????? 3?????
??? 
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4. ???? 
????????????  
??? Epo??????????????????? ClaI?????????? 3.3-kb?
? BamHI??? 4.5-kb????? pBluescript II?Agilent Technologies???????
???????EcoRI??????????????????? 310???????
??????? Epo ?????????????? 1a ??????????? DNA
?? 3.3K-Epo3’??????????????BDF1 ??????????????
?????????11 ??? 3.3K-Epo3’??????????????????
Epo-Cre ?????????????? Epo ????? 180-kb ??? BAC????
??????????????????????????? Cre cDNA?pBS185???
Gibco???????????? 13a???14???? I?????????????
??????Cre cDNA??????????????????????? BAC??
??????????????????????????CsCl ?????????
BAC DNA??????? 29? 
 
????????  
???? 3.3K-Epo3’????????????? Epo-Cre ???????????
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BDF1???????????????????????11??? 3.3K-Epo3’???
?????????? 3 ??? Epo-Cre ??????????????????Epo
??????????C57BL/6????????????????????Epo??
??? 2?4????? GFP cDNA???????? 6?????????????
??????????? DNA ?????Epo ?????????????????
????? PCR ????????Epo ????????????3’ UTR?????
?, untranslated region??? C57BL/6 ????????????????????
129/Sv ??????????????????????????????????
????Rosa26-STOP-tdTomato??? 30???????????????????Stock 
No. 007908????????????????ABI7300?Applied Biosystems?? SYBR 
Green???Eurogentec, Seraing, Belgium???????? DNA??? PCR????
????????????????????????????????? 1????
?????????????????????????????????????? 
2012??-143?? 
 
?????????  
??????????????????????? 31??????????????, 
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??????????????????????????????????????
??????????????????????????????????????
??48?24??6????????0.4 ml??????????Epo????Quantikine 
Mouse Epo ELISA kit?R&D systems?????????? 
 
RT-PCR 
ISOGEN ????????, ??????????? RNA?????SuperScript III
???????????Invitrogen????? cDNA ??????????????
PCR??? RT-PCR???ABI7300?Applied Biosystems?????????????
? 18S rRNA???????????Epo?? Epo-GFP mRNA??????????
??????????????????? Epo+/–?????? cDNA???????
??????? 100?????????????????????????????
Epo mRNA?????????????????? RT-PCR????????HPRT 
mRNA???????????????RT-PCR????????????????
???????? 2?????? 
 
????????????  
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?????????????????????????????FITC??? CD71 (?
??? R17217, ???? 11-0711-85)?PE??? Ter119 (???? TER-119, ????
12-5921-83)?APC??? c-Kit (???? 2B8, ???? 17-1171-83)????????
???eBioscience????? 30 ??????????REP ???????????
????PBS????????????????????????????Liberase TM
???? 0.26 U/ml, Roche????????? 37?? 2??????????40 "m
?????????????????PI?propidium iodide????????????
????FACS Canto II?FACS Aria II??FACS Diva?????? ?Becton Dickinson?
???? FACS??????? 
 
??????  
????????Wako?????????????????????????5 "m
?????????????????????HE???????????????
?????? 4%????????????? 4?? 2 ?????????????
?? OCT?????????????????????, ?????????20 "m
?????????????????? GFP????? CD31 ?????????
?Abcam?????? CD73????? PDGFR#??????????BD Pharmingen??
 13 
????? LTL?Lotus tetragonolobus lectin, Vector laboratories?? 4????????
??????Alexa Fluor 488????????Alexa Fluor 555??????????
?????Alexa Fluor 350????????????Molecular Probes????? 1?
?????????????????? FITC?????? !SMA????????
??Sigma????????????????????? LSM510 META?Carl Zeiss, 
Heidelberg????????? 
 
Epo?????????? EPO???  
???? Epo???????????200 "g????? Epo??????????
????????????R&D systems???1 ???? 12 ???????????
Epo?????????? kg??? 3,000???????? EPO???rHuEPO, ?
??????1???? 12??????????? 
 
?????????  
???????RNA????Quick Amp Labeling Kit?1????, Agilent Technologies?
???? cDNA ??? Cy3 ????????? cRNA ?????????????
??? Whole Mouse Genome ??? DNA ????????4 x 44K, Agilent 
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Technologies????????????????? DNA?????????????
???????????????????GeneSpring???????Silicon Genetics?
????????????????????Cluster 3.0? JAVA Treeview ?????
?????? 
 
????????  
??????????????????????UUO, unilateral ureteral obstruction?
??????????????????????????????????????
????2???????????????????????? 5??14?????
?UUO???????No-UUO?????????? 
 
????  
?????????±?????s.d.??????????????????? t??
?????P?? 0.05???????????????????????? 
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5. ???? 
1, ?????????????????????? Epo ?????????
?????????????  
? ? ?????? Epo????????Epo????? 3.3-kb??????????
???????? 4.5-kb??? 8-kb?????????????????? Epo?
?????????? 3’ UTR?? 0.3-kb???????????????????
?3.3K-Epo3’???????? 1a, Tg????????????????????? Tg
???????? 11?????????????????????? 1??????
?????Epo????????? GFP cDNA?????????????????
1a, KO???? Epo+/–?????????????? 1b??Epo+/–???? Epo+/–:Tg
?????????Epo–/–:Tg ????????? PCR ?????????????
??9?????? Tg??? Epo–/–??????????????????????
?? 1???????????Epo–/–:Tg???????WT???????????KO
???? Tg????????????? 1c?? 
? ? Epo–/–??????? 13?????????????????????????
????? 25,25?????????????Epo–/–?????????????? 12.5
????????? 2a??????????????? Tg????????????
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???????????????? 2a?????????????? Epo mRNA??
???????????Tg??????Epo mRNA ???????????????
?? RT-PCR???????????????? 12.5??????????????
?????????? Epo mRNA?????????Epo–/–???????????
???? 2b,c????????????????????? Epo mRNA? Tg????
?????????????????? RT-PCR????????? 2d??????
??????????? Tg???????Epo+/–:Tg??????????????
???????????????????????????? 2d?????????
???????????????????????????? Tg??? Epo mRNA
???????????? 3a???????????3.3K-Epo3’?????????
??? Epo?????????????????????????????????
???????????????????????? 
? ? Epo–/–:Tg476? Epo+/–?????? Epo mRNA ???????????????
Epo–/–:Tg458 ??? Epo–/–:Tg475 ???????????????????????
?Epo+/–???? 20%? 2%??????? 2b??????????????????
????????????????? 2a?????? Tg?????????????
???????? 2c?????????????????????????????
 17 
?? Tg?????????? 3a??????????? Epo????6??????
?????????????????? 3b???????????????????
???????????????????? Epo?????? 3c??????????
Epo??????????????????? Epo???????????????
????????? 
 
2. ?????? Epo????????????? 458???????????  
? ? 458 ????????????Epo–/–:Tg458?????????????????
?? 4a??????????????????? Hct???????????? 3b??
??????????????????????????????????? 2a??
?????????????????? Epo????ELISA???????????
???????? 3c?????????????????? 458?????????
??????? Epo?????????????????????????????
Epo–/–:Tg458???? ISAM??????????, inherited super anemic mouse/mice?
???? 
? ? ISAM ???????????????????????????? 4b????
??????MCV, mean corpuscular volume????????????MCH, mean 
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corpuscular hemoglobin????????????? 4c??????????????
????????? 4d??????????????????????? ISAM??
?????????????????? 4e??????????Epo ???????
??????????????????????? 20??????????????
?????????????ISAM??????????????????????
????????????????????Souma et al, in submission?? 
 
3. ISAM???? Epo?????????? Epo?????????  
? ? ????????????????????? Hct??????8??????
?????????????? 5a,b??ISAM??????????????????
????????? 2????????????????????????????
???? 5a,b??ISAM??? Epo????2??????????????????
??????????????????? Epo?????????????????
??????????? 5c?????Epo+/–:Tg458????????? Hct?????
???????????? Tg ????????????????????????
????????? 
? ? ???ISAM???????????? Epo????????????????
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?????? 7???????ISAM??????? Epo mRNA?????????
?????????????????? 5d???????????????????
???? Epo mRNA?????????ISAM??????????????? 5e??
????????? Epo????????????? ISAM??????? Tg??
???????????????? 
? ? ?????????????Epo mRNA??????????????????
????????????????? 5f???? ISAM??Epo mRNA??????
??????????????????????????????? Tg ?????
???????? 5f????????? EPO?rHuEPO??????????????
? ISAM????????Epo mRNA?????????????????????
5g?????????????? Epo ?????????????????????
??????ISAM ??????????????????????????ISAM
?????????? Epo mRNA??????????? 5f,g??????????
??????????????? Epo??????????????????? 7, 32?
?????????????3.3K-Epo3’????????????? Epo?????
????????????????????? ISAM??? Epo?????????
?????? Epo??????? Epo?????????? 
 20 
 
4. ISAM????????? Epo?????????  
? ? ISAM ???????????????????ISAM ???????????
???????????? ISAM???????????????? 2??ISAM??
????????????????????????????? 6a??ISAM ???
?????Tg ????????? ISAM?Epo–/–:Tg458/458????????????
Epo ?????? 6b?????????????? 2????? ISAM ???? 1 ?
???????????? 6?????? 12????????????? 6c??ISAM
??????????????????????????????????????
???????? 6c??????????????????? Epo ??? 12 ???
??????????????????? 6d????????? Epo???????
???????????ISAM???????????? 6e,f???????????
???????????????????????? 33???????????ISAM
?????????????????????????????????????
??????? 
 
5. Epo????????????????????????????  
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  ? ?? ISAM? Epo??????????????????????ISAM???
???????????????????????? 7a?????????????
?????????????????????????????????? 7b,c??
??????????????????????????????????????
????? 34, 35????????????????????????????????
???????????????????????? 7a?????ISAM ?????
?????????????????????????????????? 7a,d??
???ISAM????????????????????????????????
?????? 7b,c?? 
? ? ???????????????ISAM ?????????????????
CD71?????????????? Ter119 ?????? 4 ????????? 8a?
I, II, III ??? IV????????? 36, 37??????ISAM ????????? I
?CD71high/Ter119low, ???????? II?CD71high/Ter119high, ??????????
???????????? 8a,b???????????? ISAM ?????????
???????????????????????CFU-E ???????
CD71high/Ter119–/c-Kit+?? 37??????ISAM ????????????????
????????? 8c,d?????????????????? Epo ???????
 22 
????????????????????????????????????? 5, 
25, 38???????????? Epo?????? Epo???????????????
??????????????????????????????Epo??????
?????????????????????????????? 
 
6. ISAM????????? Epo????????????  
? ? ISAM??????????? Epo????????????????????
???????Epo ???????????????????????????Epo
????????? 12 ??? ISAM ? Hct ??????????????????
??????????? ISAM?? Hct??????????? 9a?????????
????????????? Epo? ISAM???????????????????
??????????ISAM ???? rHuEPO ???????????????6 ?
?? Hct ?????????12 ?????????????????? 9b?????
??????????????? 6 ??? 12 ?????????????? 9c??
Epo?????????????????????????????????????
ISAM?????????? Epo???????????????? Epo?????
?????????????????????ISAM? ESA? Epo????????
 23 
??????????????????????????????????? 
 
7. ISAM????????? Epo?????????  
? ? ISAM ? Epo ??????????rHuEPO ????????????????
???????????rHuEPO ????? 6 ???? ISAM ????? RNA ??
?????????????????????????????? 1.5??????
?????? 400 ????????202 ??????????192 ????????
???? 10a??Epo?????????????????????????????
??????????????????????????????????????
?????????Cish?Gdf3?Pim1?Tfrc?Egr1??? Podxl?????????
?Epo?????????????????????????? 39, 40??10a?????
???Epo ??????????Itga4????????????ECM???????
?????Hyal1?Lox??B???????????Aicda?Il7r??????????
????????????Epo????????????????????????
???????????? 41???????????? 
? ? ??????????????? Epo??????? Igfbp2?Pklr??? Mmp13 
??????????????????????????? 10a??????????
 24 
?? RT-PCR?????????????????????????ISAM????
??? rHuEPO???????????????????????????????
??? 10b?????????? Epo ?????????????? Epo ?????
???????????????????????????????ISAM????
????????????? Epo-EpoR????????????????????
???????????????????? 
 
8. ISAM?????????? Epo??????? GFP??????????  
? ? Epo ????? GFP cDNA ??????????????KO ??? ????
????????????Epo?????GFP??????? 1a????????ISAM
????????? GFP???????????Epo??????????????
?????????????????ISAM ???? GFP mRNA ????????
GFP ?????????????????? Epo+/–??????????????
?? 11a??GFP mRNA??????????????????? 2???????
??????????????????????????????????????
? Epo??????????? 14?GFP mRNA??????????rHuEPO???
?????????? ISAM?????????????????????????
 25 
????? 11b?? 
? ? ISAM?????????? GFP????????????????? 11c???
?? GFP????? Epo???????????? 11d?????ISAM??????
????????????? GFP????? REP????? Epo????????
????????????????????? Epo+/–?????????GFP???
REP?????????????????ISAM??? GFP???????????
?????????REP?? 6, 15, 16????????? 22, 42???????????
? CD73? PDGFR#??????? 12a?? ???FACS??? ISAM??????
?????REP??? GFP???????????????????? 12b????
???????ISAM????????????????GFP????? REP???
????????????? 
 
9. Epo-Cre? ISAM??????? REP???????????  
? ? ??? Cre-loxP ?????? 43??? REP ????????????????
? Epo???????????????????Epo???????? Cre????
??????????Epo??????????????????????????
??????? Epo????? 180-kb??? BAC??????????14????
 26 
?? 13a?Epo-Cre??3 ??? Epo-Cre ?????????????????44?47
??? 48????Cre?????????????Rosa26-STOP-tdTomato??? R26T
??????30??????????????????Cre-loxP ?????????
??????????? tdTomato???????????????????????
?????? 13a?? 
? ? Epo-Cre:R26T ???? tdTomato ?????????????????????
????????????? 13b????????????????? Epo ????
??????????????????? tdTomato ??????????????
????????? Epo???N.S. et al, in submission??????????????
??????????????Epo-Cre:R26T ?????????????????
?????????? tdTomato???????????????????? tdTomato
????????????? 14a??tdTomato???????????????? CD73
??????????REP???????????????????? 14b?? 
? ? ISAM?????????? Epo-Cre???????????????????
??????? tdTomato????????? 15a????????????? tdTomato
???????????????????????????????????? 15b??
???GFP??????? tdTomato?????????????? 15c????? REP
 27 
????????? Epo-Cre ????????????????????????
ISAM ????????????????? 2 ???????????2 ?????
???? Epo-Cre????????ISAM???????????????????
???? 15d?????????????????????????????????
????????? Epo??????? Epo-Cre????????????????
????????????????????? Epo ??????????????
?????????????????????????????????????? 
 
10. ?????????????????? REP?????  
? ? ???????? REP ?????????????Epo-Cre:R26T ??????
???????Epo-Cre:R26T???????????????UUO????????
?????5??????????????UUO????????????No-UUO?
??????? tdTomato?????????? 16a???????UUO??????
???? tdTomato ???????????????????? !SMA ??????
??? 16b?????14 ??? UUO ?????????tdTomato ????????
???????!SMA??????? 17???????????REP???????
??????????????????????????????????????? 
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? ? ???????? REP ???????? ISAM:Epo-Cre:R26T ????????
?????????? REP?????????????????UUO 14?????
??????????tdTomato ??? REP ??????????????????
?????????????????????????????? tdTomato ???
???GFP ?????????????????????????????? REP
????????????????????? Epo???????????????
??????????????????????????? 
 29 
6. ?? 
? ? ???????????????? Epo??????????????????
???????????? Epo ???????????ISAM??????????
??????????????????? Epo?????????????????
?????????????????ISAM ????????rHuEPO ??????
?????????????????????????ISAM? REP???????
?????????????????? Epo????????????????? 
? ? ??????????????????Epo???????????? 2???
??????????????????????????????????? GATA
??? 14 ??????????????????EpoE-3’??? 5, 9?????????
????????? 8-kb ??????????3.3-Epo3’?????????? Epo
???????????????????Epo?????????????????
??????????????????????????????????????
??????????3.3-Epo3’?????????????????????????
??? Epo????????????????????????? 12, 13? 
? ? ?????? Epo????????????????????????????
???????? Epo????????????????????????????
 30 
?????????????????????????????1????????
???????????????????????????Hct 20%????? Epo
???????????????????????????? ISAM???????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
???ISAM???????????????????4????? Smu1?????
?????????????????Smu1 ??????????????????
??????????????????????????????????????
??????????????????????????????????????
?? ISAM?????????????????????????????????
??????????????????????????????????????
????????????????????????? GATA??????????
???????????????????????????????????? 
? ? ?????? Epo????????????????????????????
???????? Epo????????????????????????????
???? Epo??????????????? 27?Hif-2!????????????
 31 
????????Epo???????????????? 28, 44, 45???????Epo
????????? HIF-2!????????????????? Epo??? HIF?
?????????????????????????????? Epo??????
???????SV40 T???TAg???????????????????????
?????? Epo????Epo-TAgH????????? 15??????? Epo-TAgH
?????ISAM ?????????????Epo ???????????????
???? 33, 46, 47?????Epo-TAg???????????????Epo?????
??????????????????? Epo-TAgH???????? 48, 49????
????????????ISAM???????????????????????
??????????? Epo ????????????????????????
ISAM????????????? Epo????????????????????
????? 
? ? ISAM?????????????????????????????? Epo?
?????????????????? 5, 38, 50??????????? Epo????
?????????????????????????????????? 20, 23, 51?
ISAM???????????????????????????????? Epo?
??????????????????????????? 52??????????
 32 
Epo?????????????????????????? 
? ? ??? EPO???rHuEPO????????????????????????
?????????? 20, 23, 24?????????????????????????
?????????????????????????????????????Epo
??????????????????????????? 39, 40?????????
ISAM? Epo????????????????????????????????
?? Epo????? 6????????????????????????????
???????????????collagenase-3 ?????? Mmp13 ???? Epo ?
??????????????????????????????????????
??????????????? 53??????????????????? Epo?
????????????????????????????? Epo???????
?????????????????????????? 39, 41??????????
??Mmp13?Igfbp2??? Pklr?????????? Epo????????????
??????????? Epo-EpoR ?????????????????ISAM ??
??????????????????????? 
? ? REP ?????????????????????Epo ??????? on-off
????? 14, 18??????????? GFP ????????????REP ???
 33 
???????????????????????????????? 6, 14, 17???
???????????? Epo????????????????????????
????????????????? REP???????????? 14, 18, 19????
?????ISAM??????????????? GFP?????????????
????????????????????REP?????????????????
ISAM? Epo-Cre:R26T???? Cre-loxP???????????????Epo???
?????????????? tdTomato ???????????????REP ??
??????????????????????????? Epo?????????
?????????????????????? 18, 54????REP????????
????????????????????????? 22????????????
???? Epo ???????????????????????????????
?????????????????????????????????????
REP ???ON-REP?? Epo ???????????????????? REP ??
?OFF-REP?? Epo???????????????? 2????????????
???????????REP?????????????????????????
???????????? 
? ? ?????????????????? Epo????????????????
 34 
??????????????? Epo ?????????????????????
?????????????????????????????????? Epo??
???????????????????????????????????????
???????????? Epo mRNA???? Epo????????? Hct???
????????????????????????Epo????????????
???????? on-off????????????????????GFP?????
??????? REP?????????GFP?????????? GFP?????
??????????????????????? Epo?????????????
??? Epo?????????????????????????????????
????????????????GFP???? tdTomato????? REP????
?????????????????????? Epo??????????????
??????????????????????????????????????
??????????????????????????????????????
???????????????????? 
? ? ????REP??? Epo?????????????????????????
?????????????????ISAM??????????????? REP?
???????????????????????????Souma, T. et al, in 
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submission????????????????????????Cre-loxP??????
??????????????????????????????????????
????????????????????? 55????????????????
?????????????????fibrocyte?????????????????
?? epithelial-mesencymal transition, EMT?????????????????
?endothelial-mesencymal transition, EndoMT???????????????????
?????? 21?????? UUO ??????????????????????
???? REP ??????? Epo ??????????????????????
???????????????????????????? Epo????????
??????????????????????????????????????
?????????????????????????????????????
REP?????????????????????????????????? REP
??????????????????????????????????????
? DNA??????????????? Epo?????????????????
???????????????????????????????????? REP
????????????????????FACS????????????????
??????????????????????ISAM?????????????
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??Epo??????????? GFP?????????????????????
??????????????????????????????????????
??????? REP ????????????????????????????
???????????? 
? ? ?????ISAM??????? Epo???????????????????
??????????????????????????????????????
?????????????????????????????Epo???????
???????????????????????????????????ISAM
? ESA???????????????????????????????????
???????????? REP ???????????????????????
?????? REP???????????? 
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7. ?? 
1. Epo??????????????????????????????? Epo?
??????? Epo??????????????ISAM??????? 
 
2. Epo?????????? BAC? Cre cDNA?????????Epo?????
??? Cre?????????? Epo-Cre?????????????????? 
 
3. ISAM ??? Epo-Cre ???????????Epo ?????????????
????????????????????????????????????
??? Epo????????????????? 
 
4. ????? Epo?????????????????????????????
Epo??????????????????????????????????? 
 
5. ISAM? Epo?????????????????????? Epo??????
????????? 
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9. ?
 
? 1.?  3.3K-Epo3’??? Epo KO??????????????  
(a) Epo????????WT???????????KO????? 3.3K-Epo3’???
?????Tg?????KO?????Epo????? II–IV????? GFP cDNA
?????????Tg ???????? 3.3-kb?–3.3????? 4.5-kb?+4.5???
????????????????????EpoE-3’?????????? V ???
?? 0.3-kb ????????????????????????????????? 
(b) ??????????????????????????11???Tg?????
Epo+/?????????????Epo+/–:Tg ???? Epo+/?????????????
???????? PCR???????? (c) PCR??????????????458
????????????????????? DNA ?????a ????????
?????x?y?z?????????Tg????????? y????? PCR??
??????????WT? KO?????? PCR?????????????WT?
???C57BL/6???? KO????? Tg????? 129/Sv??????????
?????C57BL/6???????a ???????????????? z????
???? 
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? 2.? Tg??????????? Epo mRNA???????  
(a) ?? 12.5 ?????Epo–/–????????????????????????
???????458?475??? 476???? Epo+/–???????????????
?? (b) ?? 12.5???????? Epo mRNA??????????????458?
475??? 476?????????? Epo mRNA???????Epo–/–??????
???????????????????????????????? Epo+/–???
??? 1??????????????n = 3?7?? (c) ?? 12.5?????????
?????? Epo mRNA???????????? Epo+/–???#1????? 1??
???????????? (d) Tg??????? Epo mRNA??????????
??????? RT-PCR??????????????458????? 12.5????
???????????????????? HPRT mRNA????? 
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? 3.? ??? Tg????? 6??????????????????  
(a) 8?? 18????????????475??? 523?????????????
?Epo+/+??? Epo+/–?????n = 2?????????n = 2-4?????????
?? Epo mRNA ??????????????????? Epo+/–????????
????? 100???????????????????? (b) 8?? 14?????
?????????????????Epo+/+??? Epo+/–??????????Hct??  
**P < 0.005 vs Epo+/+ mice?n = 4–37?? (c) 8?? 29??????????????
????????Epo+/+??? Epo+/–?????? Epo??? ELISA???????? 
**P < 0.005 vs Control?n = 6–22???????????????? 
 48 
 
? 4.? ISAM???????????????????  
(a) ISAM?Epo–/–:Tg458????? ????????inlet?? Epo+/–????Control?
??????? (b) ISAM? Epo+/–????Control???????????????
?????????? 20 "m? (c) 8??? ISAM? Epo+/–????Control????
??????MCV???????????MCH??Control?n = 13??ISAM?n = 26?? 
(d) 12?? 14??? ISAM? Epo+/–????Control????????????Control
?n = 16??ISAM?n = 12?? (e) ISAM????????Control?????????
????????????????????????????? 100 "m? 
 49 
 
? 5.? ISAM??? Epo?????????????? Epo???????  
(a-c) 1?? 12????? ISAM?????????????Epo+/–???Epo+/–:Tg458?
??????RBC??Hct???????? Epo ??????n = 7–21 (a,c)?n = 3-26 (b)??
(d,e) ??? 7????? ISAM?????????????Epo+/–???Epo+/–:Tg458?
??????? Epo mRNA??????*P < 0.05 vs Epo+/–????n = 4–6 (d)?? (f) 12
??? ISAM? Epo+/–????Control????????? Epo mRNA???????
???????????? Epo+/–????????????? 100????????
????????????n = 3??????????????????(g) 12???
ISAM? rHuEPO??????????????????????????????
Epo mRNA??????n = 4????????? 12??? ISAM?????????
???Saline??????? Hct?? 9b????? 
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? 6.? ISAM????????????? Epo????  
(a) ???????????????? 4?6 ??? 8 ????G4?G6 ??? G8?
???? 8?? 14??? ISAM? Hct?n = 6–11??(b) Tg????????? ISAM
?Epo–/–:Tg458/458?? 6???? 12?????????M????F?? Hct?n = 2-4??  
(c) 6???? 12???? ISAM???????????Epo+/–??? Epo+/–:Tg458?
? Hct?ISAM? Hct???M??????F???????#P < 0.05??**P < 0.005 vs 
Control????????????n = 5–23?? (d) 12???? ISAM? Epo+/–???
?Control?????? Epo???**P < 0.005 vs Control?ISAM n = 21?Control n = 6?? 
(e,f) 12????? ISAM???????????Epo+/–??? Epo+/–:Tg458?????
??(e)???(f)???????? 1 cm?**P < 0.005 vs Control?n = 3-5?? 
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? 7.? ISAM????????????????????  
(a) 12??? ISAM????N?????????A???????????????
??Epo+/–??? Epo+/–:Tg458??????????????? (b) ISAM?????
??????????????????????????????????????
100 "m? (c) 8?? 12??? ISAM??????????????BM?????Sp?
????????? 1?????????????????**P < 0.005 vs Control?n 
= 8–10?? (d) 12????? ISAM????????????????n = 3-5????
????? Hct????????????????????????ISAM????
???????????????????????????? 
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? 8.? ISAM??????? Epo????????????????  
(a) 12??? ISAM???????????Epo+/–??? Epo+/–:Tg458?????BM?
????Sp????? CD71? Ter119????????????????????
??????????????? 4?????I?II?III??? IV?????? (b) I
?? IV?????????????*P < 0.05, **P < 0.005 vs Control?n = 3-5?? (c) 
Ter119????? CD71? c-Kit???????????????????????
?????(d) CD71highTer119–c-Kit+???c?????????*P < 0.05, **P < 0.005 vs 
Control?n = 3-5??????????????????????????n = 5?? 
 53 
 
? 9? ISAM??????????? Epo??????????  
(a) 7?? 8??? ISAM?? Epo????????????????200 "g????
?? 1???????????????Day 0???? 12???Day 12?? Hct?**P 
< 0.005 vs Control?n = 6?? (b) 11?? 15??? ISAM? rHuEPO??? kg??? 3,000
???????????????????? 1???????????????Day 0??
?? 6???Day 6???? 12???Day 12?? Hct?**P < 0.005 vs Saline?n = 4?? 
(c) rHuEPO?? 6??? 12?????????????????????????
12????????????????????Saline??*P < 0.05, **P < 0.005 vs Saline
?n = 4?? 
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? 10? ISAM??????? Epo???????????  
(a) rHuEpo??? kg??? 3,000???????? 6???? ISAM???????
mRNA??????????????????????????????? rHuEPO
?????????????? n = 3?? 1.5??????????????????
??? 30????????????????ECM???????extracellular matrix??
??????????? Epo????????????????????? PBS?
??n = 2????????n = 1?? ISAM????? (b) RT-qPCR????? rHuEPO
?? 6???? ISAM????BM?????Sp????? Cish?Igfbp2?Pklr???
Mmp13 mRNA?a??????????????????????????????
??????????? 1??????????????*P < 0.05, **P < 0.005 vs 
Control?n = 3-5?? 
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? 11.? ISAM?????????? Epo????? GFP????????  
(a) 12??? ISAM? Epo+/–????Control????????? GFP mRNA????
??????????????? Epo+/?????????????? 100??????
??????????????n = 3??????????????????(b) 12?
?? ISAM? rHuEPO????????????????????????????
?? GFP mRNA??????n = 4????????? 12??? ISAM??????
??????Saline??????? Hct ?? 9b ????? (c) ISAM ? Epo+/–???
?Control??????????? GFP?????? (d) ISAM????N?????
????A???? Epo+/–????Control???????????????????
??GFP????? Epo????????ISAM???????GFP????? REP
??????????????????????????????????????
?????ISAM???????????#????????????? GFP????
????????? 200 "m? 
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? 12.? ISAM??????? GFP????? REP??  
(a) ISAM??????? GFP????? REP??????????GFP??? REP
???????Lotus Tetragonolobus Lectin?LTL?????????????????
??????????CD73??????? PDGFR#????????????DIC
???????differential interference contrast microscope????????? 20 "m? (b) 
ISAM???????????? GFP????????SSC???????????
???????????????GFP?????????????????? 
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? 13.? Epo-Cre:Rosa26-STOP-tdTomato?????? Epo?????????  
(a) Epo-Cre?????????????? Rosa26-STOP-tdTomato?R26T?????
?? Cre???????????????????? Epo?????? 60-kb???
? 120-kb???????? BAC?????Epo-60K/BAC?? Cre cDNA?????
????? I????????????????????Cre cDNA????????
????????????Rosa26-STOP-tdTomato???? loxP??????? STOP
??? Cre????????????????CAG????????????
tdTomato??????????? (b) Epo-Cre:R26T????44?47??? 48???
? R26T????Control???????N????????? tdTomato??????
???Li?????Ki?????Sp?????Ht????Lu?????Th????Br???
????? 
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? 14.? Epo-Cre:R26T?????????? tdTomato????  
(a) Epo-Cre:R26T????44?47??? 48???? R26T????Control??????
?????????????????????? tdTomato???????????
???????????? tdTomato???????????????? 500 "m? (b) 
Epo-Cre:R26T????44????????????????? tdTomato?????
???????tdTomato?????????????? CD73??????????
??????????????????????????????????? DAPI
???????????????????? 50 "m?
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? 15.?  ISAM ?????????? Epo-Cre??????  
(a) ISAM:Epo-Cre:R26T??????44??????????? tdTomato??????
???Li?????Ki?????Sp?????Ht????Lu?????Th????Br???
????? (b) ISAM:Epo-Cre:R26T??????44?????????? tdTomato
??????????????? 500 "m? (c) ISAM:Epo-Cre:R26T??????44
??????????? tdTomato????????????GFP????? REP?
????? tdTomato????????????LTL??????????????
????????????????? tdTomato????????????????
??????? 100 "m? (d) 2??? ISAM:Epo-Cre:R26T??????44????
?????? tdTomato?????? Epo+/–:Tg458:Epo-Cre:R26T??????????
?????????N????????????? 500 "m? 
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? 16.? UUO 5??? Epo-Cre:R26T?????????? tdTomato????  
(a) Epo-Cre:R26T????44???????????????UUO??? 5????
???UUO?????No-UUO?????????? (b) UUO?? tdTomato???
??????????????????????!SMA, ????????????
?????DAPI????????????? 
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? 17.? UUO 14??? Epo-Cre:R26T?????????? tdTomato????  
(a) Epo-Cre:R26T????44???????????????UUO??? 14???
????UUO??????????Sham??Day 14????????????? (b) 
UUO?? tdTomato?????????????????????????!SMA, ??
???????????????DAPI????????????? 
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? 18.? UUO 14??? ISAM:Epo-Cre:R26T?????????? REP??  
ISAM:Epo-Cre:R26T????44???? UUO????14???????UUO??
???No-UUO??????????Epo??????? GFP??????????
???????????????????tdTomato????? REP???????
???? 
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? 19.? ISAM???? Epo?????????????????  
???????WT???????????????????? Epo??????Epo
??????KO???????? Epo ????????????????????
???Epo KO??????? Epo???????????????????? Epo
??????? Epo ????????????ISAM??????????????
????1) ??? Epo??? ESAs?????????????2) Epo??????
???????????3) REP?????????????????OM??????
IM?????? 
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10. ? 
? 1.? ?????????????????????  
?????  ??  (5’ > 3’) ??  
GFP-cs ACTCTCGGCATGGACGAGCTG Epo???????????? 
Epo-RTR GTGAGTGTTCGGAGTGGAGCAGG  
Epo-5UTRs ACAGGAAGGTCTCACATAGCC 3.3K-Epo3’?????????? 
Epo-s5 TACAGCTAGGAGAGTTGTGTGG  
Epo-5UTRs ACAGGAAGGTCTCACATAGCC ??? Epo??????? 
Epo-B6as TGGGGAAACCCCCATGAGATC  
Epo-exon4F CCTGTCCCTGCTCTCAGAAG 3.3K-Epo3’???????????? 
Epo-exon4R AGCTGAAGGGTCTCTGGTGG  
Gata2-F GCCCTGTACAACCCCATTCTC ??????????? 
Gata2-R TTGTTCCCGGCGAAGATAAT  
Cre-F ACGTTCACCGGCATCAACGT Epo-Cre?????????? 
Cre-R CTGCATTACCGGTCGATGCA  
R26T-F CTGTTCCTGTACGGCATGG Rosa26-tdTomato?????? 
R26T-R GGCATTAAAGCAGCGTATCC  
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? 2.? RT-PCR??????????????????????  
? ? ? ? ?
?????  
??  (5’ > 3’) ??  
Epo-4:5RTs GGTACTGGGAGCTCAGAAGG RT-PCR for endogenous Epo mRNA 
Epo-B6as TGGGGAAACCCCCATGAGATC  
Epo-4:5RTs GGTACTGGGAGCTCAGAAGG RT-PCR for transgene Epo mRNA 
Epo-dE1as CTCGTGCTGTCTGGGGAAAG  
EpoGFP-s GAAGACTTGCAGCGTGGAC RT-qPCR for Epo-GFP mRNA 
EpoGFP-as GGTGGATCCTAAAGCAGCAG  
Epo-qRT-F GAGGCAGAAAATGTCACGATG RT-qPCR for Epo mRNA 
Epo-qRT-R CTTCCACCTCCATTCTTTTCC  
Epo-qRT-P TGCAGAAGGTCCCAGACTGAGTGAAAATA  (5’-FAM, 3’-TAMRA) 
18S rRNA-F CGGCTACCACATCCAAGGAA Internal control of RT-qPCR 
18S rRNA-R GCTGGAATTACCGCGGCT  
18S rRNA-P TGCTGGCACCAGACTTGCCCTC  (5’-FAM, 3’-TAMRA) 
Cish-F GACATGGTCCTTTGCGTACA RT-qPCR for Cish mRNA 
Cish-R GAATGCCCCAGTGGGTAAGG  
Pklr-F GTGGAGGCTTCCTTCAAGTG RT-qPCR for Pklr mRNA 
Pklr-R AGGTCGGTAGCGAGACAGAA  
Mmp13-F GCCAGAACTTCCCAACCAT RT-qPCR for Mmp13 mRNA 
Mmp13-R TCAGAGCCCAGAATTTTCTCC  
Igfbp2-F GCGGGTACCTGTGAAAAGAG RT-qPCR for Igfbp2 mRNA 
Igfbp2-R CCTCAGAGTGGTCGTCATCA  
Cre-F ACGTTCACCGGCATCAACGT Genotyping of Epo-Cre transgene 
Cre-R CTGCATTACCGGTCGATGCA  
R26T-F CTGTTCCTGTACGGCATGG Genotyping of Rosa26-tdTomato allele 
R26T-R GGCATTAAAGCAGCGTATCC  
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? 3.? Epo+/–:Tg? Epo+/–???????????? Epo–/–:Tg???????  
Tg line Tg copy No. Pups Epo–/–:Tg  (%) 
444 n.d. 53 0 (0) 
458 1 47 10 (21) 
475 12 28 3 (11) 
476 7 26 3 (12) 
523 2 74 10 (14) 
524 100 11 2 (18) 
620 60 9 4 (44) 
621 1 58 0 (0) 
622 30 20 4 (20) 
623a 10 23 7 (30) 
623b 20 8 2 (25) 
Total  357 45 (13) 
Expected   51 (14) 
 
? 4.  ISAM?Epo–/–:Tg458????????????????  
Crossing Parents Litter Pups Genotype Number (%) 
#1 (M) –/–:Tg458 72 423 +/– 146 (35) 
 (F) +/–   +/–:Tg458 154 (36) 
    –/– 0 (0) 
    –/–:Tg458 123 (29) 
#2 (M) –/–:Tg458 3 27 –/– 0 (0) 
 (F) –/–:Tg458   –/–:Tg458 17 (63) 
    –/–:Tg458/458 10 (37) 
#3 (M) –/–:Tg458/458 24 167 +/–:Tg458 87 (52) 
 (F) +/–   –/–:Tg458 80 (48) 
M, ?; F, ? 
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11. ?? 
?????????????????????????????? ???????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
??????????????????????????????????????
?????????????????????????????????????
?? 
